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Specification * 

Title of Invention 

Output Response Compressor 
Patent Claims 

An output response compressor, of a multiple input line type feedback register type, 
for simultaneously compressing output responses from a plurality of output lines, 
comprising: 

first selection means for selectively inputting an output response from one of said 
plurality of output lines to the initial stage of said [sic] multiple input line type feedback 
register; and 

second selection means for selecting whether or not to input output responses from the 
output lines remaining after excluding said [sic] any one thereof from said plurality of 
output lines to the stages of said multiple input line type feedback register other than the 
initial stage thereof. 

Detailed Description of Invention 

(Field of Industrial Utilization) 

This invention relates to an output response compressor, and particularly to an output 
response compressor incorporated into an integrated circuit so that it becomes easy to 
perform logic function tests on the integrated circuit, and so that testing is possible even 
on extremely complex integrated circuits. 

(Prior Art) 

One method for making it easy to perform logic function tests on complex integrated 
circuits is to incorporate test mechanisms such as a test pattern generator and test output 
evaluation unit right into the integrated circuit to be tested. By so doing it is possible to 
perform logic function tests easily even on portions of integrated circuits that are buried 
in the interiors thereof, that cannot be immediately accessed from external terminals, and 
that are very difficult to test. 

When test mechanisms are incorporated into an integrated circuit, however, it is not 
possible to compare enormous output responses one by one with expected values. A 
method is therefore adopted wherewith the output responses are compressed, and the 
compressed output responses are compared with the expected values. 
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This output response compressor is a logic circuit block that occupies a critical portion 
of a test output evaluation unit, but what is widely used is a multiple input code analyzer 
set forth in a paper entitled "BUILT-IN LOGIC BLOCK OBSERVATION 
TECHNIQUES" that was given at, and which appears on pages 37 to 41 in the collected 
papers of, the International Test Conference held in 1979. 

This multiple input code analyzer is configured so that inputs are made to the stages of 
a line type feedback register, wherefore the example of a 4-bit multiple input code 
analyzer is indicated in a simplified block diagram. 

Fig. 2 diagrams a case where the outputs from the circuit being tested (not shown in 
the drawing) are four bits, namely D 0 , D u D 2 , and D 3 . The outputs D,, D 2 , and D 3 from a 
circuit being tested in some cycle are input to exclusive-OR circuits (hereinafter called 
EXOR gates) 26, 27, and 28, and, after being subjected to exclusive-OR operations with 
the outputs from flip-flops 21, 22, and 23, are input to flip-flops 22, 23, and 24. Output 
Do from the circuit being tested is input to an EXOR gate 25, and, after being subjected to 
an exclusive-OR operation with flip-flops 23 and 24, is input to the flip-flop 21. 

Then, the outputs D 0 , Di, D 2 , and D 3 of the circuit being tested in the next cycle are 
input to the flip-flops 21, 22, 23, and 24 in exactly the same manner, and, thereafter, the 
same operation is repeated. Accordingly, no matter how many patterns are output from 
the circuit being tested, the results will be compressed into four bits, and the expected 
value(s) need only constitute four bits also, whereupon a small amount of hardware added 
for the tests will suffice. 
(Problems Invention Would Resolve) 

In the output response compressor described above, however, the outputs D 0 , Di , D 2 , 
and D 3 from the circuit being tested are all compressed simultaneously. As a 
consequence, there are problems in that, even though it is possible to judge whether or 
not the whole circuit being tested is faulty, no information whatever can be obtained on 
more minute malfunction sites, and fault analysis cannot be performed. 

An object of the present invention is to provide an output response compressor 
wherewith the problems with the prior art noted above are eliminated and information on 
more minute malfunction sites is obtained. 

(Means for Resolving Problems) 
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The output response compressor of the present invention is an output response 
compressor, of a multiple input line type feedback register type, for simultaneously 
compressing output responses from a plurality of output lines, that comprises: 

first selection means for selectively inputting an output response from one of the 
plurality of output lines to the initial stage of the multiple input line type feedback 
register, and 

second selection means for selecting whether or not to input output responses from the 
output lines remaining after excluding any one thereof, as noted, from the plurality of 
output lines, to the stages of the multiple input line type feedback register other than the 
initial stage thereof. 

(Action) 

The present invention resolves the problems of the prior art by adopting the 
configuration described above. More specifically, because, with the prior art, only 
simultaneous compression of all outputs can be done, the only flaw judgments that can be 
made are those for the entire circuit being tested, whereas, with the present invention, it is 
also possible to compress the outputs from the circuit being tested one by one, wherefore 
information concerning more minute malfunctions sites is obtained. 

(Embodiments) 

The present invention is now described in detail while referencing the drawings. 

Fig. 1 is a configuration diagram representing one typical embodiment of the present 
invention. 

This embodiment represents a case where the outputs from a circuit being tested (not 
shown) constitute four bits, and the number of stages in the output response compressor 
for compressing those is the same. The present invention is not limited thereto or 
thereby, however, and, needless to say, there is no reason why the number of stages in the 
output response compressor may not be greater than the number of outputs from the 
circuit being tested. 

Now, the output response compressor diagrammed in Fig. 1 comprises four flip-flops 
1, 2, 3, and 4 corresponding to the outputs D 0 , Di, D 2 , and D 3 from the circuit being 
tested, four EXOR gates 5, 6, 7, and 8 corresponding to the flip-flops, AND gates 10, 1 1, 
and 12 the outputs whereof each become, respectively, one of the inputs to the EXORs 6, 
7, and 8, and a multiplexer 13. By switching a control signal C2, the output response 
compressor operates as two types of output response compressor. 
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One [of these types] is an output response compressor that, in like manner as 
conventionally, simultaneously compresses all the outputs, Do to D3, from the circuit 
being tested, while the other is an output response compressor that only compresses some 
one output of the outputs D 0 to D 3 from the circuit being tested. 

When the control signal C2 is set at the logical "1" level, the AND gates 10, 1 1, and 
12 output the outputs Di, D 2 , and D 3 from the circuit being tested, and input those, 
respectively, to the EXOR gates 6, 7, and 8. Accordingly, to the flip-flops 2, 3, and 4 
will be input the exclusive-OR [values] of the flip-flops 1, 2, and 3 of the preceding 
stage, and, respectively, the outputs Di, D 2 , and D 3 from the circuit being tested. 

When this [sic] control signal CI is set so that the multiplexer 13 outputs the output 
D 0 from among the outputs Do, Di, D 2 , and D 3 from the circuit being tested, to the EXOR 
gate 5 will be input the output D 0 from the circuit being tested, and to the flip-flop 1 will 
be input the exclusive-OR [value] of this output D 0 and the flip-flops 3 and 4. In other 
words, in this case, an output response compressor is embodied which, in like manner as 
the conventional example described earlier, simultaneously compresses all of the outputs 
Do to D 3 from the circuit being tested. 

Next, when the control signal C2 is set at a logical "0" level, the AND gates 10, 1 1, 
and 12 will output a logical "0" irrespective of the outputs Di, D 2 , and D 3 from the circuit 
being tested, wherefore, for the flip-flops 2, 3, and 4, the values of the flip-flops 1, 2, and 
3 in the preceding stage will merely be shifted. This [sic] control signal CI controls the 
multiplexer 13 so that only one of the outputs D 0 , Di, D 2 , and D 3 from the circuit being 
tested is selected. Therefore, only the output from the circuit being tested that is 
selectively output by the multiplexer 13 will be input to the output response compressor. 
In other words, in this case, an output response compressor is embodied which 
compresses some one of the outputs Do to D 3 from the circuit being tested. 

Thus, by imparting two modes to a single output response compressor, more 
information is obtained concerning faults than is obtained in the conventional example. 
This is because, more specifically, first [the output response compressor] is operated in 
the mode that simultaneously compresses all of the outputs Do to D 3 from the circuit 
being tested and a GO/NOGO test is performed on the circuit being tested, and then, by 
subjecting only those circuits being tested which have been judged to be faulty to tests 
wherein the mode for selectively compressing one output only is employed, and 
sequentially inputting the outputs from the circuit being tested to the output response 
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compressor based on the present invention, which output is producing the faulty output , 
can easily be detected. 

In the mode wherein just one output can be compressed, it is possible to detect from 
which one of the input patterns a malfunction was detected, and, compared to the 
conventional example, the information relating to a malfunction site in the circuit being 
tested will increase significantly. And, in addition to that, [this] can be realized by the 
addition of extremely few logic gates. 

(Benefits of Invention) 

Based on the present invention, by adopting a configuration like that described in the 
foregoing, more detailed malfunction information will be obtained than with the 
conventional example. 
Brief Description of Drawings 

Fig. 1 is a configuration diagram representing one embodiment of the present 
invention, and Fig. 2 is a configuration diagram representing a conventional example. 

D 0 , Di, D 2 , and D 3 - outputs from circuit being tested; 1, 2, 3, 4, 21, 22, 23, 24 - flip 
flops; 5, 6, 7, 8, 9, 25, 26, 27, 28, 29 - exclusive-OR circuits; 10, 11, 12 - AND gates; 
13 - multiplexer; CI, C2 - control signals. 

Agent Susumu Uchihara, patent attorney 
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I ~4 : Flip-flops u~l? : AND gates 

S~t : Exclusive-OR circuits 
do~Dj: Outputs from circuit being tested 



Figure 1 
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2I~24 : Flip-flops 

2S~29 '• Exclusive-OR circuits 

D«~D3 : Outputs from circuit being tested 



Figure 2 
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(54) OUTPUT RESPONSE COMPRESSOR 
(57)Abstract 

PURPOSE: To obtain fault information more in detail 
than before by providing a selecting means which inputs 
the output response from one output line to the initial 
stage of a multi-input line type feedback shift register 
selectively. 

CONSTITUTION: When a control signal C2 is set to a 
logical level '0\ AND gates 10, 11, and 12 output logic '0' 
regardless of outputs D1, D2 and D3 from a circuit to be 
tested, so the values of flip-flops 1, 2, and 3 of front 
stages are only shifted to the flip-flops 2, 3 t and 4. At 
this time, a control signal C1 controls a multiplexer 13 to 
input only the output of the circuit to the output 
response compressor so that only one of the outputs 
DO, D1 t D2 and D3 of the circuit is selected. Namely, the 
output response compressor which compresses one 
optional output among D0WD3 from the circuit is 
realized in this case. 
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